Supplementary materials:
TITLE: Population estimates of Bornean orang-utans using Bayesian analysis at the greater Batang Ai-Lanjak-Entimau landscape in Sarawak, Malaysia Supplementary Appendix S1: Additional data and results. Supplementary Table S1 . Overview of plots surveyed and reserved for the study sites. The site where the survey teams had to use the reserves is highlighted in gray. 1 A1,B1,C1,D1,E1,F1 G1** Engkari-Telaus 6 1 A2,B2,C2,D2,E2,F2 G2** Total: 29 13 Notes: *As two of the reserves were used (Plots V and W), they are not indicated under the column 'Reserved plot ID'. **Plots G1 and G2 were not surveyed as permission was not granted by local communities. could not compute low counts of new nests at sites UK and ET, resulting in 0 included within the 95% CI. This is incorrect 6 as there were new nests recorded, meaning at least 1 orang-utan was present at each site at the time of survey.
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Supplementary Appendix S2: Background of study sites, and location of surveyed plots 1 and new orang-utan nests at the study sites. We selected the centre for each plot (both easting and northing) at random using 3 =RANDBETWEEN(bottom, up) function in MS Excel. The values for (bottom, 4 up) were the edges of a rectangular connecting the boundary edges of the extension area. 5
If the randomly selected centre of plot fell outside the study area, it was rejected. Only 6 plot centres inside the study site and at least 1 km away from nearby protected areas or 7 boundary of the study site were selected. We identified four strips by their positions: Northwest, Northeast, Southwest and 22
Southeast respectively. The rationale of having four strips was to increase survey effort in 23 one plot and save travelling time between plots, instead of having multiple two-strip plots 24 situated far apart from each other. 25 26
The sampling scheme of this study design included the following: 27 i. All the plots were named alphabetically. The order of the alphabets operates as the 28 sequence for travelling between plots (where possible); 29
ii. Surveys were conducted at no less than three plots with sign of orang-utan nest 30 (old/new); 31
iii. If one of the plots had no sign of nests, the reserve plot would be surveyed. This was 32 only limited to the two reserve plots; 33 iv. Surveys were stopped (no second and third surveys) if all the three original plots or 1 six original plots had no sign of any orang-utan nest (old/new). The three original 2 plots refer to Batang Ai (BA), Ulu Engkari (UE), Ulu Ngemah (UN), Ulu Katibas 3 (UK) and Ulu Pasin (UP). But subsequently, we realized that a minimum of three 4 plots for each study site were too few. Therefore, we opted to increase original plots 5 to be surveyed to six plots for Ulu Sungai Menyang (USM) and Engkari-Telaus (ET). 6
Surveys were also stopped if three plots (or six plots for USM and ET) with the two 7 reserves (due to absence of orang-utan nests in one or two of the original plots) had no 8 sign of orang-utan nest (old/new)*; 9 v. Given budgetary constraints, labour restrictions and limited time, the maximum 10 numbers of plots that could be surveyed were up to five for BA, UE, UN, UK and UP, 11 and up to seven plots for USM and ET. 12 13 *NOTE: The actual sampling scheme was as follows: only three plots were surveyed at BA, 14 UE, UN and UP, five plots at UK, and six plots each for USM and ET. No orang-utan nest 15
(new or old) was observed during the first survey at Plots S and T in UK (Supplementary  16  Table S1 ). These two plots were then designated as not having used by orang-utans and not 17 resurveyed. Meanwhile, new orang-utan nest was recorded at the third plot (U) on the first 18 survey at UK. Therefore, two reserved plots (Plots V and W) were surveyed in replacement 19
for Plots S and T. New orang-utan nests were seen in these reserved plots at UK. The plots at 20 UN were discontinued altogether as no new or old orang-utan nests were recorded in all three 21 plots (N, O and P). We recorded new orang-utan nests within the strips (18 m each side of the rentis) and 32 clearly tagged the trees that had these nests. Wich & Boyko 10 noted that 'there was a 33 sharp drop in nest detection after 10 m on either side of the line transect', and 'nests 34 beyond 10 m were found less than half the time by every team'. However, it must also be 35 noted here that Wich & Boyko's line transect method required the survey teams to stay on 36 the rentis, while the plot count method for this project allowed the survey teams to fan out 37 up to 18 m on either side. As such, the drop in nest detection after 10 m on either side of 38 the one transect was not violated or relevant. Perpendicular distance (PPD) from the new 39 nest to the centre line (rentis) was measured for verification. New orang-utan nests that 40 were visible outside the strip were also recorded into the datasheet but not used for data 41 analysis. The information was useful during subsequent surveys as a reference to avoid 42 recording trees with new orang-utan nests that were outside the strip. The reasons for two teams on the first survey were: (a) to increase the probability of 4 detecting all the orang-utan nests, and (b) to evaluate the assumption that all new nests 5 were detected on a single search. New nests recorded on the first surveys were included in 6 an analysis to assess q. These new nests were however not included in analyses of nest 7 construction rate or for calculating the density of orang-utans in the plots as it was not 8 known when these nests were constructed. 9 10
The two teams were not independent, as the first team tagged trees where they detected 11 new nests. The second team could see the tagged trees and searched for, and recorded any 12 additional new nests which the first team did not record. 13 14 Supplementary Table S4 . Formula to evaluate assumption that all new nests were detected on a single search. Given: q is 15 the probability of detecting new nest by two teams on the first survey, and; x is the number of new nests detected during the 16 first surveys at each of the plots.
17
Description of first survey
Probability of detection
Estimated number of new nests detected during first surveys i. New nest detected by the first team q (q) x ii. New nest missed by the first team, but detected by the second team
iii. New nest missed by the second team
Orang-utan nests were described into two broad categories for this project: a new orang-2 utan nest has green leaves (at least one green leaf), whereas an old orang-utan nest is 3 without green leaf. The two categories were further classified into four decay classes 4 (Class A to Class D Figure S8 . Overview of the three-step guide to analysing the N-mixture models using a Bayesian 4 framework 12 to generate estimates of nest construction rate, orang-utan density and population. The strength or reliability of 5 the estimates was assessed using an identifiability test 13 Assign a set.seed to specify, save and restore the model. Priors used are broad uniform 31 for 0 x , and dbeta(5,1) for q, that is to skew the distribution towards 1 in the probability 32 density function. Details of the model are given in the Methods section of the paper and an 33 overview of the 3-step guide to analysing the N-mixture models is shown in Supplementary 34 Figure S8 . (1, 7) , n = nests.Data.ALL$nests.obs.ALL, x0 = 42, q = 0.9)} 5 Save the result as JAGSout.ALL after running jags with the specified Markov chain 6
Monte Carlo (MCMC) settings. 7 # MCMC settings: ni <-40000 nt <-2 nb <-5000 nc <-3 # JAGS output: JAGSout.ALL <-jags(JAGSdata.ALL, inits.ALL, params.ALL, "model.txt", n.iter = ni, n.thin = nt, n.burnin = nb, n.chains = nc)
8
Convert the MCMC output into Bwiqid class using the function as.Bwiqid. This 9
Bayesian function converts different classes generated using WinBUGS, OpenBUGS or 10 JAGS into a common class for printing and plotting using wiqid. Run the probability density function for q for all seven study sites using the plot function. 4 plot(out.ALL, "q", showCurve=FALSE, shadeHDI="skyblue", xlim=c(0,1), ylim=c(0,6)) 5 6
